The present study examined the effects of electrolytic lesions of the Medial SeptumrVerti-Ž . Ž . cal Diagonal Band of Broca MSrVDBB , the Globus Pallidus GP and the Substantia-Ž . InnominatarVentral Pallidum SIrVP on the performance of rats in object-recognition memory and radial-maze learning tests. In the latter test, subgroups of sham-operated, MSrVDBB, SIrVP and GP rats were treated with saline, amphetamine or physostigmine. Ž . 1 In the object recognition task, the level of discrimination was significantly lower in GP compared to SIrVP and in both GP and SIrVP compared to Control and MSrVDBB Ž . groups, however, only GP did not discriminate between new and familiar objects; 2 in the radial-maze task, GP and SIrVP lesions produced weak and transient impairment whereas Ž . MSrVDBB lesions produced a large deficit; 3 in the radial-maze task, performance of normal rats was improved with physostigmine and impaired with amphetamine. The effect Ž . of amphetamine was significant on non-memory measures only; 4 neither amphetamine nor physostigmine improved memory performances of lesioned rats. These results suggest that the septo᎐hippocampal projections are involved in spatial memory but not in object recognition whereas the integrity of Substantia InnominatarVentral Pallidum does not seem critical for either task. The cholinergic nature of the deficit produced by the medial septal lesion remains in question because of improvements seen in sham-operated rats but not in lesioned rats.
INTRODUCTION
Neuropathological studies suggest that the cholinergic system is involved in learning and memory funcw x tions 1᎐4 . Accordingly, several animal studies have examined the effects of lesions of basal forebrain neurons on performance of rats in various learning w x and memory paradigms 5᎐10 . The main targets of these studies were the medial septum᎐diagonal band Ž . of Broca MS and the nuclei basalis of Meynert Ž . w x Nbm which contain many cholinergic neurons 11 . Furthermore, pharmacological studies have shown that blockade of cholinergic activity impairs learning and memory and mimics the behavioural deficits w x obtained with either type of lesion 12᎐16 . However, there is yet no clear evidence demonstrating the specific effects of alteration of the cholinergic w activity on learning and memory function 5, 7, x 17᎐20 . Additionally, there are no consistent reports of the ability of pro-cholinergic drugs to overcome w x learning and memory deficits 9, 17, 18 .
The purpose of the present experiments was to examine the effects of lesions of the basal forebrain neurones in two behavioural tasks which are considered to involve working memory, i.e. the radialmaze and a spontaneous object recognition task. Only the radial arm maze has a reference memory component. The continuous choice performance in the radial-maze is based on the learning of a rule which involves reference memory: maximum reinforcement can be obtained by visiting each arm once w x 21 . The object recognition task is based on rat's spontaneous preference for novelty: there is no learning of an association between stimulus and Ž . reward learning of a rule and there is no repeated presentation of a stimulus for the acquisition of an w x association 22, 23 . Results obtained using these two tasks and those reported in the literature using comparable tasks, show that lesions of the medial septum or septo᎐hippocampal projections impair the rat's working memory in spatial tasks but not in w x non-spatial ones 22᎐24 . Lesions of the Nbm or 1043᎐6618r98r100251᎐13r$30.00r0
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Nbm cortical projections seem to impair both working memory and reference memory in spatial tasks w x 25᎐27 , but the effect on non-spatial working mew x mory tasks has not been clearly specified 28᎐32 . The effect of Nbm lesions has often been considered non-specific and has been attributed to an attention w x deficit 19, 33, 34 . The validity of this interpretation remains questionable.
In addition to the behavioural effects of lesions of basal forebrain neurons, we have examined the effects of physostigmine and amphetamine on rats' performances in the radial-maze task. Both drugs were administered in view to compensate for the lack of cholinergic and dopaminergic release at the denervated post-synaptic receptors. In a previous w x report 35 , we obtained in normal rats an impair-Ž ment with a high dose of physostigmine 0.2 mg y1 . Ž kg and no effect with lower doses 0.05 and 0.1 y1 . mg kg . This could be due to the fact that an improving effect of a drug cannot be made evident in non-brain damaged subjects and, the impairing effect may be due to an excessive release of acetylcholine leading to a blockade rather than to a faciliw x tation of neurotransmission 36 . We have also rew x Ž y1 . ported 37 that amphetamine 0.5, 1 and 2 mg kg had no effect on the memory measures involved in the radial-maze tasks but instead decreased the choice of adjacent arms and the running time to perform eight choices. The improving as well as the impairing effect of amphetamine reported in the w x literature 38᎐44 has been accounted for by the lack of standard and non-equivocal testing conditions, w x procedures and measures in animal experiments 37 .
In the present study we have used electrolytic lesions, this could be considered by some an out of date and non-specific technique. However, if animal models of amnesia are to be developed and therapeutic tools to be found, brain damage should not be caused by one specific technique only. For instance, w x ischaemia is not at all specific 45 but ischaemic damage is likely to occur in human populations and represents a model of amnesia. Moreover, there is no evidence favouring an effect of a lesion of a specific neurochemical system against an effect of lesions on specific anatomical areas of the brain or vice versa. Furthermore, lesions of the basal forebrain cholinergic nuclei with excitotoxins revealed w x non-specific deficits 46 and application of the new neurotoxin 192-IgG-Saporin proved without effect in w x various memory tasks 20, 47᎐50 .
Our rats were allowed 1 month to recover from surgery. This was aimed to prevent surgery artefacts on memory performance. In many studies, a memory deficit was observed a few days after surgery but it was not long lasting. A rapid recovery of function cannot support the specific memory role of the brain structure damaged by the lesion. The neuronal reorganisation that may occur after a long period of recovery is unlikely to contribute to a recovery of memory function unless the site of the lesion had no specific role in such function or that the lesion was partial. In our present study, lesions of the MS and SIrVP were aimed to produce animal models of amnesia which compare to Alzheimer's disease conditions. Without a form of amnesia that is either permanent or which deteriorates with time, it would be difficult to determine the specific effects of a drug or other treatments.
MATERIALS AND METHODS

Subjects
A total of 130 male Wistar rats weighing 250᎐260 g each were used in the experiments reported here. They were housed in individual cages and main-Ž . tained on a 12-h light᎐dark cycle 07.00᎐19.00 h . Ambient temperature was 23 " 1ЊC. During the entire experiment they had free access to food and water.
Surgeries
All surgery was performed under pentobarbital sodium anaesthesia. The rats were placed in a Ž . stereotaxic instrument Horsley᎐Clark . Lesions were produced electrolytically by passing a DC ca-Ž . thodic current 1.0 mA for 20 s through a 0.14-mm diameter stainless steel electrode that was inserted stereotaxically into the brain. Coordinates for the lesions, taken from the atlas of Paxinos and Watson w x 51 were as follows: lesions intended to destroy cholinergic neurons of the Medial septum were made Ž in MSrVDBB regions in 42 rats 0.2 mm posterior to bregma, 0 mm at the midline and 6.5 mm ventral . from the dura whereas bilateral lesions intended to destroy the cholinergic neurons of the Nbm were Ž made in SIrVP regions in 28 rats 0.8 mm posterior to Bregma, "3 mm lateral to the central sinus and . Ž 7.2 mm ventral from the dura . A third group n s . 18 received bilateral lesions in the Globus Pallidus Ž0.8 mm posterior to Bregma, "3 mm lateral to the . central sinus and 6.2 mm ventral from the dura . Control rats were sham-operated: the electrode was stopped at the level of the corpus callosum and at Ž . Ž . antrlat of MSrVDBB n s 14 , GP n s 14 or 1 Ž . mm above the SIrVP n s 14 coordinates without passing the current.
Histology
On completion of the experiments, the lesioned animals as well as operated control were deeply anaesthetised and perfused intracardially with physiological saline followed by 10% formalin. The brains were then rapidly removed and stored in formalin for approx. 8 days, then frozen and sectioned at 100 m. Every tenth section was mounted and stained with cresyl violet, a Nissl stain. After a histological check, some experimental animals were discarded or assigned to a different group.
RESULTS
Obser¨ations
SIrVP-lesioned rats were somewhat adipsic and aphagic 24 h post-operatively. They showed an im-Ž . portant loss of weight 20% which recovered near control by day 12. They were fed as well as the other rats with commercial food for cats which, probably due to its high palatability, partly overcome the Ž aphagia. After 7 days all rats except eight which . died began eating the standard dry food and had normal drinking. At the beginning of the behavioural testing, after a 30-day recuperation period, food and water intake were normal in all experimental rats.
Histological results
Thirty-seven rats were maintained in MSrVDBB group, whereas only 14 rats in Nbm and 14 rats in Ž GP group, the other rats died MSrVDBBs 2;
. SIrVPs 8; GP s 1 or were discarded after histo-Ž logical examination MSrVDBBs 3; SIrVPs 6;
. w Ž .x GP s 3 . In the MS group . SIrVP . The lesions were mostly centred on VP, they started from the rostral limit of the Ventral pallidum and extended below the limit of the posterior anterior commissure. The lesions were predominant rostrally in the SI and caudally in the ventral pallidum. Because electrolytic lesions do not allow specific neuronal damage, our intention was to destroy, as much as possible, the substantia innominata without damage within or alongside the internal capsula. Lesions in the GP group were circumscribed in the central and ventral part of the Globus Pallidus and extended caudally to comprise the dorsal Globus Pallidus.
Experiment 1: Effects of basal forebrain lesions on object recognition test Methods
Subjects. After histological examination, the number of rats maintained in each group was as follows: Ž . Ž . Ž Control n s 42 , MSrVDBB n s 37 , SIrVP n s . Ž . 14 and GP n s 14 .
Apparatus. The apparatus consisted of an open box Ž . 100 = 100 = 50 cm made of aluminium, the inside of which was painted grey. The floor was covered with sawdust. Triplicate copies were made of the objects to be discriminated, which were made of glass, plastic or metal. The weight of the objects ensured that they could not be displaced by the rats. The apparatus was placed in a sound-isolated room where the sound insulation was aided by a maskingwhite noise of 70 dB above the human threshold. A light bulb fastened in the upper part of the room provided a constant illumination of approx. 40 lux at the level of the test apparatus.
Beha¨ioural testing. The methods are fully exw x plained in previous papers 22, 24, 35 . They may be summarised as follows: all rats were given five habituation sessions where they were allowed 5 min to Ž . explore the apparatus with no objects present . Forty-eight hours later, testing began. In none of these tests did the experimenter know the identity of the animals. Testing began approx. 5 weeks after surgery. This experiment comprised two sessions of one trial each using a 15-min inter-trial retention delay. Each trial is constituted with a sample phase Ž .
Ž . e1 and a choice phase e2 . At the start of each Ž . sample phase two identical objects A1 and A2 were placed in the back corner of the box apparatus, 10 cm from the side wall. A rat was then placed in the middle front of the box and the total time spent exploring the two objects was recorded by the experimenter with two stop watches. Exploration of an object was defined as directing the nose to the object at a distance of less than 2 cm andror touching it with the nose. Turning around or sitting on the object was not considered as exploratory behaviour. The rat was removed from the open field after 3 min elapsed. After a 15-min delay of retention the rat was reintroduced to the open field for 3 min. In this standard condition of the object recognition task the open field now contained a third identical copy of Ž . Ž . the familiar object A3 and a new object B . These were placed in the same locations as the sample Ž . stimuli. The role sample and new , as well as the location of the two choice objects, was counterbalanced between rats. As far as could be ascertained the objects had no natural significance for the rats and they had never been associated with a reinforcer.
Performance measures and analyses. The basic measure was the time spent by the rats in exploring objects during the sample phase and during the choice phase. Exploration of an object was defined as follows: directing the nose to the object at a distance F 2 cm andror touching it with the nose; turning around or sitting on the object was not considered as exploratory behaviour.
Comparisons focused on the total time spent exploring objects during the sample and choice phases. Analyses of variance were performed on the fol-Ž . lowing measures: 1 e1, which is the total time spent in exploring the two identical objects in the sample Ž . phase; 2 e2, which is the total time spent exploring Ž .
Ž . Ž . the two objects in the choice phase; 3 d1, the discrimination index, which is the difference in time spent exploring the two objects in the choice phase Ž . Ž. e.g. B y A ; 4 d2, the discrimination ratio, which is Ž . the difference in exploration time d1 divided by the total time spent exploring the two objects in the Ž . choice phase e.g. B y ArBq A .
To confirm whether an individual group had discriminated between two objects, paired Student t-Ž . tests two-tailed were used to compare the time spent exploring each of the objects in the choice phase of the different testing sessions. The threshold level for significance was PF 0.05.
Comparisons between groups for each measure were based on a one-way ANOVA test and post-hoc w x comparisons according to Winer 52 .
Results
Effects of lesions on object and side preferences:
Ž . The Student t-test two-tailed did not show any significant differences within any group when we compared the exploration time according to the nature of the objects and their location in the apparatus. 2. Effect of the lesions on the total time of ex-( ) ploration e1 and e2 : For each group the Student test did not show significant differences between the two sessions for the measure of e1 or e2. Consequently, the data of each measure were pooled for the two sessions for each group. The overall analysis of variance of the pooled data shows no signifi-Ž cant differences between groups on e1 F 3 Summary. MSrVDBB and SIrVP-lesioned animals were able to discriminate between familiar and new objects, however, the level of discrimination of SIrVP-lesioned rats appeared significantly lower to that of control and MSrVDBB-lesioned rats. The GP group did not discriminate between objects, this may be due to the apparent low level of exploration in this group during the choice phase. 
Experiment II: Effects of physostigmine and amphetamine on basal forebrain-lesioned rats in radial-maze learning
Ž
y1 . fate 0.1 mg kg . We injected a subgroup of GP-Ž y1 . lesioned rats with D-amphetamine 0.5 mg kg and the remaining rats with physiological saline but we did not have the chance to inject either physostigmine or amphetamine to the SIrVP groups. Apparatus. It was an elevated eight-arm radialmaze which was made of 0.5-cm black Plexiglas.
Ž
Habituation. The rats were submitted to three Ž . habituation sessions one per day . They were put on the central platform and allowed to explore the entire maze for 10 min. At the end of the habituation stage, they were deprived of water for 48 h before the start of the training phase.
. Training. Rats were given 12 sessions one per day . A session lasted until the rat made eight choices or 15 min elapsed. The cups at the end of each arm contained 0.3 ml of water. The experimenter recorded the order of the eight choices made by each rat. One hour after the completion of the session rats had free access to water for 30 min. anticlockwise . An SCR may not only facilitate performance but it may also provide a reference memory solution to a task that is thought to tax spatial working memory. It is measured by ignoring the animals first choice of arm, but for the second to the eight choice the animal is given Ž . Ž . a score of q1 clockwise or y1 anticlockwise if the arm chosen is the immediate neighbour of the arm that the animal had been in. Any other choice is given a score of 0. In this way the total score for a session reflects the importance of SCRs, with an absolute score of 7 reflecting a perfect sequential strategy and a score near zero reflecting a low level Ž . of SCRs; and 5 Running time: mean time spent by rats to perform eight choices within each session.
Comparisons between groups for each measure are based on repeated measures ANOVA test and w x post-hoc comparisons according to Winer 52 . The data are grouped in blocks of four sessions each. . s 0.001 , and there is a significant interaction Ž between groups and blocks of sessions F 16, 196 . s 4.21, Ps 0.001 . The two-by-two comparisons show that the first error was produced within the first choices of a testing session by Ž . CA and MSP groups Ps 0.01 whereas it was produced within the last choices by the Ž . CP group P-0.01 compared to controls.
Results
Effects of lesions and drugs on the total number
The effects of the lesions and drugs on errors
Ž . and sessions to criterion Fig. 5 : The overall analysis of variance between groups is signifi-Ž . cant, respectively F s 24.78, Ps 0.001 for 8, 98 Ž . errors and F s 10.19, Ps 0.001 for ses- 8, 98 sions. The CP group made significantly less errors and took less sessions to reach criterion Ž . than controls P-0.01 whereas CA and le-Ž . sioned MSC, MSA, MSP, GPC, GPA, SIrVP groups made significantly more errors and required more sessions to reach the criterion Ž . than the control group P-0.01 .
The effects of the lesions and drugs on the
Ž . measures of sequential response choices Fig. 6 : The overall analysis of variance is not signifi-Ž . cant between groups F s 1.14, P ) 0.10 , 8, 98 but significant between blocks of sessions Ž . F s 46.51, Ps 0.001 , and there was sig- 8, 98 nificant interaction between groups and blocks Ž . of sessions F s 2.48, P s 0.002 . The 16, 196 number of adjacent arm entries after each choice were not significantly different between The overall analysis of variance was significant Ž . between groups F s 15.35, P s 0.001 , 8, 98 Ž between blocks of sessions F s 37.03, Ps 2, 196 . 0.001 , and there was significant interaction Ž between groups and blocks of sessions F 16, 196 . s 2.14, P-0.02 . GPC and SIrVP-lesioned rats spent significantly more time to make Ž eight choices than other groups of rats P-. 0.01 and GPA spent significantly less time Ž . than GPC and SIrVP-lesioned rats P-0.01 . MSA spent significantly less time than any Ž . other group P-0.01 except CA and MSP.
Summary. Lesions of the medial septum Ž . MSrVDBB increased the total number of errors and the number of errors and sessions to criterion without affecting the total number of correct choices before first error. Lesions of the Globus Pallidus Ž . GP and the Substantia-innominatarVentral Pal-Ž . lidum SIrVP lesions had no effect on the total number of errors but increased the number of errors and sessions to criterion and also increased the running time to perform the task. Compared to controls, physostigmine delayed the occurrence of the first error and reduced the number of errors and sessions to criterion whereas amphetamine produced an opposite effect. Amphetamine reduced the sequential choice responses in control and lesioned rats and reduced the running time in lesioned rats. Physostigmine had no effect on sequential choice responses but decreases the running time in MSrVDBB rats compared to controls.
DISCUSSION
The main results of our experiments show that medial septal lesions completely spared object recognition and dramatically impaired radial-maze learning whereas the SIrVP lesion had no clear cut effect on either task. The present effects of the SIrVP lesion on object recognition confirm the results obtained w x with Nbm lesions in rats using the same task 30 w x and in monkeys using comparable tasks 28, 29 . In the radial-maze, SIrVP lesions increased the number of errors and sessions to criterion which agree w x with other data from the literature 53, 54 , but it had no significant effect on the total number of errors.
All studies devoted to Nbm function have questioned the relative contribution of GP neurons in learning and memory. It has been suggested that an effect produced by lesions of Nbm neurons may be due to the extent of cell loss in the overlying Globus w x Pallidus 46, 55 . Few studies have compared animals' performances following SIrVP and GP lesions. Both lesions were reported to impair the conditional visual discrimination, the reversal of viw x sual discrimination 55, 56 and passive avoidance w x retention 55, 57 but there was no effect on visual discrimination, even when the brightness of the stimuli was reduced which excludes visual impairment w x 55, 58 . In the visual discrimination task, SIrVP rats demonstrated slower reaction times to visual stimuli, and increased latencies to collect earned food pelw x lets 58 . In the T-maze and the hole-box tests, the spontaneous alternation and exploratory activity w x were impaired following Nbm lesions 59, 60 . In a w x recent report, Bartolini et al. 30 used our object recognition task and demonstrated that Nbm-lesioned rats were unable to discriminate between familiar and non-familiar objects, however, the exploratory activity of these rats was also decreased. There is no significant differences between Ž . groups F s 1.14, P) 0.10 , but significant differences 8, 98 Ž . between blocks of sessions F s 46.51, Ps 0.001 , and 8, 98 there is a significant interaction between groups and blocks Ž . of sessions F s 2.48, Ps 0.002 . 16, 196 These reports support our findings. Lesions of GP reduced the exploratory activity of rats in the object recognition test while impairing discrimination and SIrVP lesions reduced the level of discrimination Žthe rats were still able to demonstrate a preference . for novel objects . Both lesions increased the running time in the radial-maze. The effect of GP lesions on this running time was reversed by amphetamine treatment. Furthermore, our SIrVP and GP-lesioned rats demonstrated behavioural disrup-Ž . tions aphagia and adipsia few days after surgery similar to those described in different reports on w x Nbm lesions 53, 57, 59, 61, 62 . They were allowed 1 month to recover from surgery. The present results suggest that SIrVP and GP lesions may have affected attention, motivation andror motor control w x 19, 34, 55, 63᎐66 .
The differential sensitivity of the MSrVDBB lesion to both object recognition and radial-maze test confirms previous reports of the effect of septal lesions in the object-recognition and the radial-maze w x tests 22 and supports the dissociation between spatial and non-spatial memory. It has been reported that lesions of the hippocampus and its connections impair spatial memory but do not affect object, visual, tactile or olfactory memory recognition in Ž action between groups and blocks of sessions F s 16, 196 . 2.14, P-0.02 . MSA, GPC and SIrVP compared to Co Ž . P -0.01 . w x both rats and monkeys 22, 35 . This impairment is reversed or attenuated by the introduction of cues w x 22, 35 . To account for this dissociation, we have pointed out that an object is encoded by its various Ž . features e.g. shapes, textures, brightness, odours w x which involves different sensorial modalities 22, 35 . It seems unlikely for a spatial location to invoke comparable redundant information in the brain. The spatial location of reward pellets in a radial-maze or location of an object in an open field may involve a Ž . complex psychological process based on: 1 the position of the rat in relation to proximal and distal Ž . cues; 2 the configuration of events within a specific Ž . Ž. trial see below ; and 3 the strategy adopted by the rat in its exploration for novelty or reward.
However, this dissociation may hide inconsistent results due to the fact that these behavioural tasks are not specific to memory function. These behavioural tasks differ on many points: the design of the apparatus; the contiguity between stimulus, response and reinforcement and the testing procew x dures 67᎐69 . In a radial-maze the rat is faced with more than two alternatives which is not the case in many other tests: the operant chamber with two levers, the T-maze and the object recognition task.
In a radial-maze the memory load is progressive from choice-to-choice and the memory of each choice is integrated to the previous one, therefore w x there is a continuous reconfiguration 70 of the map w x 71 of the visited arms. The memory load in the radial-maze is higher than in the object recognition test. The latter one involves specific working memory as the features of an object are held for a temporary store only. In each testing session the rat will only conserve information about the sample Ž . object or its features during the retention delay, this will be compared to a new object. Neither the sample nor the new object will be useful for the next trial. This is clearly not the case in the radial-maze where the rat has to avoid the previously visited arms. These arms differ by their spatial orientation and their relation to the surrounding cues. Furthermore, in both the radial-maze and the T-maze the reward is obtained in the location where the correct response is emitted whereas in the operant chamber w the reward is provided in a unique fixed location 24, x 69, 72 . In addition, in the T-maze and the radialmaze there is a symmetry between the different arms, but in most operant chambers one lever is adjacent to the back wall whereas the other is adja-Ž . cent to the front door made of perspex Plexiglas . This door will be used, during the retention interval w x as a cue in the absence of the sample lever 69 . All these factors require different response strategies and contribute to different forms of associations and memory configurations of events within and between trials.
There are still many methodological problems to overcome before specifying any psychological role for the septal hippocampal and Nbm cortical projections. The validity of the behavioural tasks and their measures raise a lot of concern. For instance, it is well known that working memory in the radial-maze inevitably has a reference memory component which is required for performing the memory demand of the task. Therefore the number of reference memory errors should be far lower than the number of working memory errors if the rats really understand Ž what is required of them i.e. avoiding the already . w x visited arms . However, in many experiments 73᎐75 in which both memory forms were simultaneously assessed in a radial-maze, the number of reference memory errors were higher than the number of working memory errors.
It has been suggested that memory in rats dew x pends on neural cholinergic activity 1, 5, 7, 17, 20 . The lesion technique used in the present experiments are not specific to any neurochemical system, therefore our interpretation of the data may have limited value as it is based on simple histological examination of the extent of the lesions and lacks biochemical indications on the effects of electrolytic lesions of the MS, SIrVP, GP and their target areas. Lesions of the MS may have affected both GABAer-gic and cholinergic neurons. Lesions of the Nbm neurons are mostly restricted to SIrVP, and may have affected both cholinergic and dopaminergic neurons but certainly not all Nbm neurons.
We have compared the effect of physostigmine and amphetamine on radial-maze learning: they show opposite effects compared to controls. The rat's performance was improved with physostigmine and impaired with amphetamine as measured by the number of correct choices before first errors and by the number of errors and sessions to criterion. In our w x previous experiment 35 , physostigmine did not show any significant improvement on radial-maze learning, this could be due either to the ceiling level of performance of the control rats which were trained previously in the object recognition task, or because of a decreased sensitivity to repeated injection of the drug when performing this object recognition task. In the present experiment, physostigmine improved radial-maze learning only in control rats: it delayed the production of the first error and reduced the number of errors and sessions to criterion. Amphetamine disrupted radial-maze learning, it prevented rats from following sequential choice responses and decreased the time needed to perform eight choices in MSrVDBB and GP-lesioned rats. Amphetamine may have impaired learning because of a decrease in attention induced by high motor activation: treated rats run from one arm to another without interruption and sometimes without consuming the reward. In another experiment conw x ducted in our laboratory 37 , amphetamine had no memory effect on retention of radial-maze learning in medial septal-lesioned rats confirming its effect on non-memory measures. Our results agree with some reports on the non-specific effects of amw x phetamine on learning and memory 37᎐40 and are supported by a recent study using our object recognition task in which amphetamine prevented the decrease of the exploratory activity of the rat without improving the discrimination between a familiar w x and a new object 30 .
The effects of promnesic drugs are still inconsistent, this is mainly due to the fact that some memory tasks and behavioural paradigms lack construct vaw x lidity 17, 69, 76, 77 , and also that the pharmacological approaches do not take into account the physiological and neurochemical changes induced by both w the testing conditions and the effects of lesions 35, x 76, 78 . First of all, it is unlikely that constant and monotonous stimulation of post-synaptic receptors could have any specific effects on memory per se as Ž . this specially working memory cannot be described as a storehouse but rather a psychological process which deals with ongoing events involving stimuli w x which vary in nature, form and value 79 . For instance the amount of release of a neurotransmitter may vary in normal conditions between a first and a second presentation of a stimulus in a matter of less than 1 s. A promnesic drug like physostigmine would not allow such a change because the neurotransmitter release is maintained continuous during a memory task which involves successive presentation of novel and familiar stimuli. A drug that has a specific effect on memory needs to mimic the release 'a la demande' of a neurotransmitter. Many promnesic drugs may act on motivation, attention and arousal and these psychological and physiological variables need to be maintained 'high' and constant during learning and memory testing. Secondly, any system has a safety margin within which its activity is allowed to fluctuate, over this margin the activity of the system is disturbed. Many promnesic drugs have a very narrow window. The margin of a neurochemical system can be reflected by a dose᎐response relationship effect of a drug. This dose᎐response relationship supposes that for each dose there is only one and the same type of response that is repeated over a series of successive trials. A response to zero drug or saline constitutes the baseline. In many memory tasks, this baseline is unknown because there is no control over animals' responses and, also within a session the sample and the choice stimuli are randomly presented and, correct and incorrect responses are unpredictable. Over a series of successive trials performance may improve, deteriorate or fluctuate between the two extremes. It is likely that the improving effect of some drugs could be due to their effects in increasing and maintaining constant the level of motivation, attention andror arousal throughout the testing session above a baseline level but not beyond an optimal le¨el. These physiological and psychological func-Ž . tions do not need necessarily to fluctuate with the change of stimuli or the outcome of a response. Thirdly, in the present study, physostigmine seems to improve radial-maze performance in normal but not medial septal-lesioned rats. This supports our sugw x gestion 35, 37 that lesions of the cholinergic system w x could prevent the effect of drug treatments 80 because it is not clear how cholinesterase inhibitors could increase the release of acetylcholine from almost totally damaged neuronal projections and how stimulation of the remaining neurons could w cover all area of the original neuronal projection 37, x 76, 78 . Furthermore, following brain damage, postw synaptic receptors may undergo some changes 3, x 81᎐83 . Therefore it may be necessary to protect the post-synaptic receptors from some adaptive changes before any attempt to replace the function of the w x degenerated neurones 9, 78 . This is most likely the appropriate strategy as it is clear that a specific effect of a lesion with immunotoxin 192IgG-saporin cannot happen without being followed automatically by a reorganisation of other neurochemical systems w x because of a lack of presynaptic inputs 84, 85 .
